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Abstract
We have succeeded in growing single crystals of SmIr2Si2 by Sn-ﬂux method. A single-crystal
structure determination has revealed that the single crystals have the tetragonal ThCr2Si2-
type crystal structure (I4/mmm, 139). The residual resistivity ratio RRR (=ρ300K/ρ2K)
is 270, indicating the high quality of the samples. The electrical resistivity shows metallic
behavior with slight downward curvature. A kink structure appearing at 37.8 K indicates the
existence of a phase transition. It is expected that investigations on the magnetism of SmIr2Si2
single crystals will help to understand the strongly-correlated electron physics of “partially
magnetically-disordered (paramagnetic)” Sm ions in a magnetically ordered state, suggested
recently in SmPt2Si2 [K. Fushiya et al, J. Phys. Soc. Jpn. 83, 113708 (2014)].
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1 Introduction
Over the past decade, there has been increasing interest in the strongly correlated electron
behaviors appearing in Sm-based intermetallic compounds. Typical such examples are un-
usual magnetic-ﬁeld-insensitive heavy-fermion behavior in SmOs4Sb12 [1, 2], magnetic-ﬁeld-
insensitive phase transitions and largely-enhanced Sommerfeld coeﬃcients in SmT2Al20 [3, 4, 5],
metal-insulator (MI) transition and magnetic-ﬁeld-induced charge ordering in SmRu4P12 [6, 7,
8], and MI transition under pressure in SmX(X = S, Se, and Te) [9, 10, 11]. Since Sm ions in
all of these compounds have cubic site symmetries, the crystalline-electric-ﬁeld (CEF) ground
states tend to be highly degenerate with active multipole degrees of freedom. In order to inves-
tigate the role of such CEF degeneracy on the strongly correlated electron behaviors, it may be
useful to study systems with lower site symmetry and compare them with the cubic ones. One
of the appropriate candidate materials with such anisotropy is RT 2X2 (R : rare earth, T : tran-
sition metal, X : Si and Ge) with tetragonal crystal structures (see Fig.1). Recently, we have
succeeded in growing single crystals of SmPt2Si2 (see Fig.1 (a)) and have revealed the existence
of a Curie term in magnetic susceptibility in an antiferromagnetically(AFM) ordered state,
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indicating the existence of partially magnetically-disordered (paramagnetic) Sm ions [12]. In
order to understand the f electron state in SmPt2Si2, systematic investigations on the SmT2Si2
compounds are desirable. In this paper, we report on the ﬁrst successful single-crystal growth of
SmIr2Si2 along with the determination of the crystal structure and measurements of electrical
resistivity.
2 Experimental
Single crystals of SmIr2Si2 were grown by the Sn-ﬂux method. The starting materials were
3N (99.9% pure)-Sm, 4N-Ir, 4N-Si, and 5N-Sn. These materials were inserted in an alumina
crucible with an oﬀ-stoichiometric composition of Sm : Ir : Si : Sn = 1 : 3 : 1 : 40, and sealed
in a quartz tube. The quartz tube was heated to 1150 ◦C, maintained at this temperature for
1 day, and cooled to 650 ◦C at a rate of -2 ◦C/h, taking about 8 days in total. Single crystals
were obtained by spinning the ampoule in a centrifuge to remove excess Sn-ﬂux. A picture of a
typical single crystal with dimensions of 0.3 × 0.2 × 0.03 mm3 is shown in Fig. 2. The crystal
is plate-like parallel to the (001) plane.
The crystal structure of SmIr2Si2 has been reﬁned by a single-crystal X-ray diﬀraction
analysis using a Rigaku XtaLAB mini diﬀractometer with graphite monochromated Mo-Kα
radiation. A selected small single crystal with dimensions of 0.03 × 0.03 × 0.02 mm3 was
mounted on a glass ﬁber with epoxy. The crystallographical parameters were reﬁned using the
program SHELX-97 [13]. Transport properties were measured using a standard AC four-probe
technique in a commercial Quantum Design (QD) Physical Property Measurement System
(PPMS).
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Figure 1: The crystal structures for (a) SmPt2Si2 and (b) SmIr2Si2.
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Figure 2: Picture of a typical plate-like single crystal of SmIr2Si2.
3 Results and Discussion
By the single-crystal X-ray diﬀraction analysis, we have conﬁrmed that SmIr2Si2 has a body
centered tetragonal ThCr2Si2-type structure (space group: I4/mmm, 139), which is shown
in Fig. 1(b). The structural parameters were determined for the ﬁrst time; the details are
summarized in Table 1. In the most of RT2Si2, ThCr2Si2-type structure is realized for T being
3d, 4d, and light 5d elements, while CaBe2Ge2-type structure is realized for T being heavy 5d
elements including Pt[12, 14]. The present ﬁnding demonstrates that this empirical rule is also
applicable to the case of SmT2Si2, i.e., SmIr2Si2 and SmPt2Si2 correspond to the former and
the later groups, respectively. SmIr2Si2 exists in two polymorph modiﬁcations, i.e., the low
temperature phase (LTP) with the ThCr2Si2-type structure and the high temperature phase
(HTP) with the CaBe2Ge2-type structure [15]; note that similar feature has been reported for
YbIr2Si2 [16]. The transition between the two phases occurs at 930-1145
◦C. In our process
of the crystal growth, it is not clear whether the crystals have grown as LTP directly or have
grown as HTP followed by the structural transition in the cooling process. In either case, we
expect that the slow cooling rate in the temperature range of 650-930 ◦C have led to the high
quality of our single crystals as shown below.
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Table 1: Atomic coordinates and thermal parameters of SmIr2Si2 at room temperature de-
termined by single-crystal X-ray diﬀraction. R and wR are reliability factors and Beq is the
equivalent isotropic atomic displacement parameter. Standard deviations in the positions of
the least signiﬁcant digits are given in the parentheses.
I4/mmm (139) a = 4.064(3) A˚, c = 10.015(11) A˚, V = 165.4(3) A˚3
Position
atom site x y z Beq
Sm 2a 0 0 0 0.17(4)
Ir 4d 0 1/2 1/4 0.06(4)
Si 4e 0 0 0.3776(0) 0.19(9)
R = 2.58 %, wR = 4.74 %
Figure 3 shows the temperature dependence of the electrical resistivity ρ for the current j ‖ a
measured in zero ﬁeld. The residual resistivity ratio RRR (=ρ300K/ρ2K) is 270, which is much
larger than the reported values of 2-8 for other SmT2Si2 compounds [17, 18], indicating high
quality of the present single crystals. At high temperatures, the resistivity shows a metallic
behavior with a slight downward curvature. A steep decrease appearing below TM = 37.8
K indicates that a phase transition exists at this temperature. The order parameter of the
ordered state below TM needs to be clariﬁed. Preliminary measurements indicate that the
magnetoresistance (MR) Δρ/ρ(0), which provides a measure of ωτ (ω: the cyclotron frequency,
τ : the mean free time), reaches a quite large value of 16 [19]. This fact also reﬂects the high
quality of the single crystal.
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Figure 3: Temperature dependence of resistivity ρ of SmIr2Si2 for the current j ‖ a.
In a family compound of SmPt2Si2, we have found that there are two magnetically ordered
phases; an AFM ordered phase (I) setting in at TN = 5.1 K and a ﬁeld-induced magnetization
plateau phase (II) [12]. In phase I, unlike the usual AFM states, a pronounced Curie-Weiss con-
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tribution remains in magnetic susceptibility, indicating the existence of partially magnetically-
disordered (paramagnetic) Sm ions. The realization of such an inhomogeneous magnetic struc-
ture is attributable to geometric frustrations inherent in the crystal structure of RT2Si2; note
that the axial-next-nearest-neighbor Ising (ANNNI) model accounts for the similar magnetic
properties observed in UPd2Si2 [20]. As a theoretical calculation for a frustrated magnet shows,
partially magnetically-disordered ions in magnetically ordered states can form a Kondo singlet
through hybridization with conduction electrons [21]. Therefore, it is expected that, if such
ions are arranged periodically on a crystal lattice, they will form a Kondo sublattice, on which
itinerant heavy quasiparticles develop with lowering temperature. This may account for the
largely increased electronic speciﬁc heat coeﬃcient of 350 mJ/K2 mol observed in phase I.
From the present study, it has been found that SmIr2Si2 has a slightly diﬀerent crystal
structure from that of SmPt2Si2 even though Ir and Pt are located next to each other on
the periodic table. This diﬀerence is expected to lead to diﬀerences in the electronic band
structure and RKKY-type magnetic interactions among Sm ions. By utilizing these diﬀerences,
measurements of the physical properties of SmIr2Si2 single crystals, which is underway, will
help for a systematic understanding of the above mentioned physics.
4 Summary
We have succeeded for the ﬁrst time in growing high-quality single crystals of SmIr2Si2 and
have conﬁrmed that SmIr2Si2 has the tetragonal ThCr2Si2-type crystal structure (I4/mmm,
139). The high value of the residual resistivity ratio RRR of 270 conﬁrms the high quality of
the samples. A kink structure appearing at 37.8 K indicates the existence of a phase transition.
Future studies on the magnetism of the SmIr2Si2 single crystals are highly desirable for a
systematic investigation on the strongly-correlated electron physics of partially magnetically-
disordered (paramagnetic) Sm ions in a magnetically ordered state, which are expected to exist
in a family compound of SmPt2Si2.
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